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Objective: The main aim of the present study was to detect bovine fetal DNA in the maternal circulation,
a relatively unexplored subject in the literature.
Study design: DNA was extracted from blood of 84 primipara cows (Bos indicus) at different gestational
ages (30e270 days) and from 100 adult animals (50 males and 50 non-pregnant cows). The samples were
analyzed using PCR with primers for TSPY gene.
Results: Molecular results matched the fetal phenotypic gender in all 47 male and 37 female fetuses,
including early pregnancy, and in control animals.
Conclusions: These results evidence a bovine transplacental fetal DNA passage.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Human Y-speciﬁc sequences have been used for sexing and as
internal control markers to conﬁrm the presence of fetal DNA
(fDNA) in maternal circulation [1,2]. Only a small number of
placental/fetal cells can be found in maternal circulation. Another
problem is the evidence that these cells may continue in the
maternal circulation for many years [3]. There are some reports of
cell-free fetal DNA in maternal plasma [4] and its fast disappear-
ance after birth [5].
While this phenomenon is well-known in humans and other
species with haemochorial placenta, the bovine (synepitheliocho-
rial) placenta has quite a different structure, with no direct contact
between the trophoblast and the maternal blood [6] and it is more
difﬁcult to envisage the mechanism for passage of fDNA into the
maternal circulation.
The main aim of the present study was to detect bovine fDNA in
maternal circulation using PCR with the TSPY gene (a multicopy,
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2.1. Animals and sample collections
Primipara pregnant cows (Nelore e Bos indicus) with singleton fetus were
selected and separated into groups, according to the time after embryo transference
(Table 1). The phenotypic fetal gender was conﬁrmed by intrauterus fetal ultrasound
and/or direct clinical examination (newborn and/or abortion products). Blood
samples from 50 adult males and 50 adult non-pregnant females (control group)
were also tested.2.2. Molecular analysis
Peripherical blood (10 mL) of 84 pregnant cows and 100 control adult animals
was withdrawn into tubes containing EDTA. DNA was extracted using a modiﬁed
previous described protocol [7]. Brieﬂy, 450 mL of lysis buffer (sucrose 0.32 M,
TriseHCl 12 mM pH 7.5, MgCl2 5 mM, 1% Triton 100) were mixed with 1 mL of
samples and centrifuged. The supernatant was discarded and 1 mL of lysis buffer
was added and centrifuged. This step was repeated until a clean pellet was obtained.
The pellet was resuspended in 80 mL of Proteinase K buffer (0.375 M NaCl; 0.12 M
EDTA), 280 mL of Milli-Q water, 10 mL of SDS 20%, and 8 mL of Proteinase K (25mg/mL)
were added. Samples were incubated overnight (55 C). After 10min at 4 C, 120 mL
of NaCl (5 M) was added and centrifuged. The supernatant was transferred to clean
microtubes and 1 mL of absolute ethanol was added. The samples were frozen
(85 C) during 20 min and centrifuged. The supernatant was discarded and the
pellet was washed in 70% ethanol and centrifuged. After drying, 50 mL of Milli-Q
water was added.
The sequences of the primers were based on sequences reported in another
study (GenBank e X74028.1, Bos taurus TSPY gene) [8]: forward primer (TSPY S)
50CCCGCACCTTCCAAGTTGTG 30 , and 50AACCTCCACCTCCTCCACGATG30 (TSPY AS)
[9]. The sequence (260bp) was ampliﬁed in a TGradient thermocycler (Whatman-
Biometra) by a denaturation step at 94 C (5min), followed by 35 cycles of 94 C
(45 s), 64 C (45 s) and 72 C (45 s). The ﬁnal reaction (25 mL) contained 100 ng of
DNA, 10 mM TriseHCl (pH 8.4), 25 mM KCl, 1.5 mM MgCl2, 100 mM of each dNTP,
1.0U Taq polymerase (Invitrogen), and 50 pmol of Y-speciﬁc primers. As an
Table 1
Distribution of the phenotypic fetal gender according to the time after in vitro
fertilization and embryo transference. In all cases the samples were positives for the
presence of a b-actin gene sequence. The males were TSPY-positives and the females
were TSPY-negatives (sensitivity and speciﬁcity ¼ 100%).
Gestational Age
(days)
Fetal Gender
Female (n) Male (n) Males þ Females (n)
30 7 5 12
60 4 8 12
90 5 5 10
120 5 5 10
180 5 5 10
210 5 5 10
240 2 8 10
270 4 6 10
Total 37 47 84
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ﬁcation products were visualized in 2% agarose gels stained with ethidium
bromide. Each sample results (at least three repetitions) was compared with the
phenotypic data.
2.3. Data analysis
To verify the accuracy of the method, the data were analyzed using a Confusion
Matrix [11].3. Results and discussion
The results are summarized in Table 1 and Fig. 1. The molecular
results were concordant with the phenotypic gender for control
Nelore adult animals. Fetal DNA in maternal blood test results (trip-
licate) matched with phenotypic gender of fetal/newborn calves.
Another study did not ﬁnd evidence of the fDNA transplacental
passage using btDYZ sequences in blood samples from 36 animals
(gestational age 10e40 weeks) [12]. The presence of a SRY gene
sequence was observed in 16/20 cows with male fetuses in late
pregnancy [13]. Based on a previous study that detected mito-
chondrial DNA [14], another study showed the passage of fDNA [a
Y-speciﬁc (Y-S4) and a fetal-speciﬁc (CSN2/3) sequences] to
maternal circulation in mid-gestation, pre-calving, at calving and
post-calving [15]. A recent study tested the plasma of 110 pregnant
cows using a SRY gene sequence. However, in the group with or less
than 59 days (three males and 14 females), two females were SRY-
positive [16].
We analyzed a higher number of cows with male fetuses in early
gestation. Therewereno false-negative and/orpositive cases showing
the passage of fetal material to the maternal circulation in B. indicus.ig. 1. Results of the electrophoresis in 2% agarose gels stained with ethidium bromide.
amples from ﬁve cows with male fetuses [(1 and 3) ﬁrst trimester, (2 and 4) second
rimester, (5) third trimester] and ﬁve with females [(6 and 8) ﬁrst trimester, (7 and 9)
econd trimester, (10) third trimester]. (L) Molecular marker (100 pb); (M) Male
ontrol - DNA extracted from an adult male blood sample.Bovine determination of fetal gender in utero is useful and
may direct management decisions (for example, sex selection). In
terms of economic aspects, the isolation of fDNA from maternal
circulation is relatively inexpensive and allows the simultaneous
processing of many samples. Blood samples can be taken on the
farms and sent to a laboratory in other cities, states or even
countries.
The evidence of DNA passage may be explored by other models,
for example, pharmacological research and the establishment of
new pathways for placental drug transport. Additionally, studies
regarding the consequences ofmicrochimerism are essential for the
utilization of recipient cows of transgenic embryos in the food chain.
It is important that new studies, regarding this subject, elucidate
some obscure points, for example, how this DNA leaks with no
direct contact between the trophoblast and the maternal blood.Acknowledgments
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